Introduction

45
Bean common mosaic virus (BCMV) is an important pathogen affecting common bean 46 and other legumes. BCMV is an aphid-transmitted virus, which can also be seed-transmissible in 47 common bean with efficiencies of up to 80%, depending on virus strain and bean cultivar 
Lima bean (Phaseolus lunatus L.) is a popular cultivated legume vegetable grown in the 78
United States for dry bean or canned bean production. In the U.S., it is a relatively new legume Here, we described a new strain of BCMV from lima bean with distinct biological and 88 molecular characteristics found in a community garden in Honolulu, HI. This new BCMV strain, alleles in common bean, establishing an asymptomatic systemic infection in some common bean 91 cultivars. Later, two BCMV isolates were found in commercial common bean samples in Idaho 92 exhibiting 99% identity to BCMV-A1 in partial genome sequence. This new BCMV strain from 93 lima bean, BCMV-A1, may present a threat for the common bean production.
95
Materials and methods
96
Virus sources and maintenance
97
In May 2017, BCMV isolates A1 and A2 were collected from two symptomatic P.
98
lunatus plants exhibiting leaf mosaic, vein banding, and growth retardation, at the same 99 community garden in Honolulu, HI, where BCMV was reported earlier (Green et al. 2017 ).
100
Potyvirus infection in these two plants was determined using a lateral flow assay (Agdia, Elkhart, Agriculture) in August 2017. The origin of reference BCMV isolates RU1-P, RU1-OR, and 105 1755a was described previously (Feng et al. 2014b (Feng et al. , 2015 . All virus isolates were propagated in 106 the bean cultivar 'Dubbele Witte' or in Nicotiana benthamiana using mechanical inoculation and 107 maintained under greenhouse conditions as described previously (Feng et al. 2014b ).
109
Biological and serological characterization 110 The biological characterization of BCMV isolate A1 and A2 on a set of eleven bean 111 differentials (Drijfhout 1978) was performed as described previously for BCMV typing (Feng et 112 al. 2014b ). Three reference strains, RU1-P, RU1-OR and 1755a, were included in this analysis as controls. All eleven bean lines were inoculated with each isolate (two or three plants per 114 cultivar), and plants were kept in a climate-controlled growth room with standard summer-time 115 growth conditions (16-hr day photoperiod and daytime/nighttime temperatures of 25/16ºC).
116
Symptoms in inoculated and systemic non-inoculated leaves were recorded at weekly intervals, 117 up to 5 weeks post-inoculation (wpi). For I gene containing cultivars including 'Jubila',
118
'Amanda', 'US1006' and 'IVT7233', 2-3 leaf samples were randomly collected from the upper 
124
ELISA tests using BCMV-specific, polyclonal antibodies from the laboratory collection as 125 described previously (Feng et al. 2014b ).
127
Sequencing and sequence analysis
128
The whole-genomes of BCMV isolates A1 and A2 were sequenced directly from 129 overlapping RT-PCR fragments amplified using a set of primers developed for this study (Table   130 1). The partial genome sequences of BCMV isolates F17:0298A and F17:0298D were also 131 amplified using BCMV specific primers by RT-PCR as described ( 55ºC for 30s (depending on the melting temperatures of primers used); and 72ºC for 1-1.5 min
134
(depending on the fragment length amplified); followed by a final extension for 10 min at 72ºC.
135
sequencing to Elim Biopharmaceuticals (Hayward, CA) as described (Feng et al. 2014b ). The 5'-137 terminal sequence for A1 and A2 isolates was amplified using the RACE Kit (Roche), and 138 subsequently cloned and sequenced the same way as described previously (Feng et al. 2014b ).
139
The complete and partial viral genome sequences were assembled using SeqMan (DNASTAR, 
Results
161
Collection of samples and maintenance of the lima bean isolates
162
The two BCMV-infected samples, named A1 and A2, were collected from lima bean plants (Table 3) . Interestingly, BCMV-A1 201 was found able to replicate and move cell-to-cell in inoculated leaves of six out of the seven tested supported the replication and cell-to-cell movement of BCMV-A1 in inoculated leaves but did not 212 permit its systemic spread (Table 2) .
214
Whole genome sequencing and sequence analysis 215 The assembled overlapping amplicons of BCMV isolates A1 and A2 were both found to (Fig. 3) . BCMV-A1 was placed closer to the peanut lineage 229 of BCMV, but as a distinct sequence, while the relatively new azuki bean strain appeared closer 230 to the common bean lineage comprising US1 and NL1 strains (Fig. 3) . In pair-wise comparisons,
231
BCMV isolates from clade I shared 86% nucleotide sequence identity with clade II and 84-86% 232 sequence identity with clade III. Clades II and III shared 83-85% nucleotide sequence identity.
233
To visualize the distribution of the genetic diversity along entire genome, the whole 
251
The partial, 699-nt long genome fragments of BCMV isolates F17:0298A and F17:0298D 252 were amplified and only three nucleotide differences were found between the two fragments 253 spanning the HC-Pro cistron (Fig. 4, A) . The nucleotide sequence for the F17:0298A isolate was (Fig. 4, B) were consistent with phylogenies based on whole genome sequence of the 261 same twelve BCMV strains (Fig. 3) . At the same time, the BCMV-ID sequence was placed in a 262 tight lineage with the lima bean strain BCMV-A1, in the same clade with the peanut strain of the 263 virus (Fig. 4, B) . 
275
In addition to these two common bean BCMV clades, multiple recombinants of these two parental 276 sequences were described, as well as recombinants with genome segments from still unknown 277 parental sequences (Feng et al. 2014a,b, 2015) . However, the biological diversity of the BCMV 278 isolates originating from legume species other than common bean (P. vulgaris) was poorly studied 279 up until now. formed a distinct clade in phylogenetic tree, but were not biologically typed (Melgarejo et al. 296 2007); these partial sequences were only 85% identical to our BCMV-A1 sequence. Although lima 297 bean isolates of BCMV, LM1 and A1, were collected from different geographic locations, both 298 were able to infect multiple bean cultivars, which indicated their ability to cause damage in P. The rapid systemic necrotic reaction induced by BCMV-A1 in 'Dubbele Witte' (Fig. 2) , 304 and a less severe systemic necrosis in 'Stringless Green Refugee' (Table 2) 
345
Phylogenetic analysis of the Potyviridae with emphasis on legume-infecting potyviruses. I,bc-u, bc-1 2 ,bc-2 2 -/--/--/--/--/-1) Disease reaction is shown first as a numerator followed by ELISA reaction as a denominator. Three plants were inoculated for each BCMV isolate per an experiment and 2-3 leaf samples were collected randomly from upper uninoculated leaves at 5 wpi; numerator: + = symptoms on inoculated beans; -= no symptoms on inoculated beans; denominator: + designates ELISA signal (A 405 ) in an infected plant exceeding healthy control 10-fold or more; -designates ELISA signal in an infected plant equal to that of a healthy control.
